A 7-month-old, male jaguar presented with dyspnea and leukocytosis unresponsive to antibiotic therapy. Radiographs revealed unilateral pulmonary consolidation. An exploratory thoracotomy was performed, and the left lung, which contained a large multilobular mass with extensive fibrosis and numerous caseonecrotic foci, was removed. Microscopically, eosinophilic granulomatous inflammation surrounded broad (4.4-8.3 m) rarely septate hyphae. A diagnosis of Pythium insidiosum infection was confirmed by immunohistochemistry, immunoblot serology, culture, and polymerase chain reaction. Dyspnea recurred despite treatment, and the animal succumbed 3 weeks after surgery. Necropsy findings indicated that death resulted from occlusion of the right main stem bronchus by a fungal granuloma. The oomycete P. insidiosum typically causes granulomatous disease of the skin or gastrointestinal tract in animals and arteritis, keratitis, or cellulitis in humans. Infection is uncommon in felines, and pulmonary involvement is rare. This report details the first case of P. insidiosum infection in an exotic felid and provides the first description of primary pulmonary pythiosis in any species.
in horses, 17 and arteritis, keratitis, or periorbital cellulitis in humans. 19 The infective form of P. insidiosum is thought to be the motile biflagellate zoospore, which is released into aquatic environments and likely causes infection by encysting in damaged skin, gastrointestinal mucosa, or cornea. 11, 15 Pythiosis has not previously been described in zoo animals but has been documented by one of the authors (Grooters, Lamberski, and Benson, unpublished data) in a small group of captive spectacled bears in South Carolina. Pulmonary lesions associated with P. insidiosum infection have only been previously reported in association with preexistent or concurrent cutaneous infection in a small number of equine patients. 1, 4, 9 This report documents a case of fatal pulmonary pythiosis in a young Central American jaguar, Panthera onca. The case is unique because infection was limited to the lung, without associated skin or systemic involvement.
A 7-month-old, male jaguar cub had a history of severe dyspnea, leukocytosis with a left shift, and moderate anemia that had been unresponsive to antibiotics administered orally for 17 days. Thoracic radiographs revealed diffuse consoli- dation of the left lung and a possible mediastinal mass displacing the trachea dorsally. The right lung was radiographically normal. Cytologic examination of a fine-needle aspirate of the consolidated lung indicated chronic inflammation, but microorganisms were not observed. Cultures of the aspirate failed to isolate aerobic or anaerobic bacteria. Differential diagnoses included fungal disease, aspiration pneumonia, foreign body obstruction, and neoplasia.
The animal was transported by air to the Louisiana State University, School of Veterinary Medicine, Baton Rouge, Louisiana, for further evaluation. Exploratory thoracotomy revealed a multilobular mass involving much of the left lung, necessitating a total lobectomy. Pertinent intraoperative findings included adhesion of the left cranial lung lobe to the parietal pleura and dorsal displacement of the trachea resulting from hilar lymphadenopathy. Intraoperative cytology revealed eosinophilic granulomatous inflammation suggestive of a fungal or chronic bacterial infection. The animal recovered uneventfully from anesthesia, and its clinical signs initially improved.
The excised lung was firm, with multifocal raised lobules up to 3 cm in diameter. On cut section, the lung contained an encapsulated, approximately 10 ϫ 5 ϫ 5-cm tan mass, subdivided into lobules by fibrous septa. Individual lobules were characterized by severe peribronchial fibrosis, occlusion of bronchi by plugs of inspissated mucus, and numerous, irregular, caseous, yellow foci.
In severely affected areas, remnants of bronchial cartilage, isolated clusters of peribronchial glands, and lumens of large airways were all that remained of the normal pulmonary architecture. The alveolar parenchyma was completely effaced and replaced by a mosaic of coalescing areas of granulomatous inflammation, with intensely eosinophilic, irregular, central foci of coagulative necrosis, separated by broad bands of collagenous tissue. The central cores were composed predominantly of large numbers of degenerate eosinophils and hyaline eosinophilic material surrounding hyphae. A wide mantle of inflammatory cells, composed of variably mixed populations of eosinophils, macrophages, multinucleated giant cells, neutrophils, and plasma cells, mixed with proliferating fibroblasts surrounded the eosinophilic cores ( Fig. 1) .
In less severely affected areas, arteriolar walls were often infiltrated by small numbers of eosinophils and surrounded by narrow zones of plasma cells. Hyphae could not be identified. There was prominent thickening of alveolar septa and hyperplasia of type II pneumocytes. The surrounding parenchyma was characterized by flooding of alveolar lumens by proteinaceous fluid and strands of fibrin, with infiltration by large foamy macrophages and eosinophils. Peribronchial lymphocytic nodules were common.
Hyphae were difficult to observe with routine hematoxylin and eosin stains, identified primarily as clear vacuoles within areas of inflammation but were readily visible using silver stains. On Gomori methenamine silver (GMS)-stained sections, hyphae were numerous and radiated outward from within the eosinophilic cores. Hyphae exhibited differential tinctorial properties based on location within the eosinophilic core. Hyphae were branching, with thick nonparallel walls, and averaged 4.4-8.3 m in diameter. Occasional swellings were present and septation was rare. Hyphae located centrally often stained poorly, whereas those located near the periphery stained intensely black with GMS.
Although the histopathologic findings were suggestive of pythiosis, they were also compatible with infection caused by an oomycete in the genus Lagenidium, 7 as well as by fungi in the class Zygomycetes, including Conidiobolus and Basidiobolus spp. To help differentiate between these pathogens, immunoblot serology and immunohistochemistry were performed. For the serology, an immunoblot technique modified from that described in horses 12 and previously used for the evaluation of oomycosis in dogs 7 and domestic cats (Grooters, unpublished data) was used to evaluate serum from the affected jaguar cub. Serum collected from each of the cub's parents, which had shared the same environment since shortly after its birth, was also evaluated. In brief, serum from each animal was used to probe soluble mycelial antigens extracted from 5-day-old broth cultures of P. insidiosum, Lagenidium sp., 7 Basidiobolus ranarum, and Conidiobolus coronatus that had been electrophoretically separated on a 14% polyacrylamide gel and transferred to a nitrocellulose membrane. Bound jaguar immunoglobulin G (IgG) was detected with horseradish peroxidase-conjugated rabbit anti-domestic cat IgG a and a chemiluminescent substrate, b with activity observed by radiographic film exposure. Results indicated that the affected cub's serum recognized a large number of antigens of P. insidiosum (Fig. 2) , as well as a small number of antigens of the canine pathogenic Lagenidium sp. (considered to be consistent with cross-reactive activity), but did not demonstrate significant reactivity to antigens of either B. ranarum or C. coronatus. Serum from the cub's parents did not demonstrate significant reactivity to any of the antigens tested.
Immunohistochemical staining was performed as described previously (Grooters et al.: 2001, 19th Annual ACVIM Forum, Denver, CO, p. 880) using an avidin-biotin- immunoperoxidase system c with a P. insidiosum-specific polyclonal antibody raised in chickens. Hyphae were well delineated with the immunoperoxidase stain ( Fig. 3) . Based on the histology and serology results, treatment for pulmonary pythiosis was initiated with itraconazole and terbinafine administered orally. After 6 days, the animal again became dyspneic. Nebulization with 1% clotrimazole was initiated and continued for another 10 days, but the animal died 22 days after surgery during an episode of respiratory distress.
Necropsy revealed a large indurated yellow granuloma at the tracheal bifurcation occluding the remaining principal bronchus to the right lung. The lung was firm and mottled and failed to collapse completely. Airways contained a turbid, yellow exudate. Microscopic examination of the granuloma revealed hyphae and inflammatory changes similar to those described above. Interspersed areas of atelectasis and inflammatory edema characterized the lung. Tracheobronchial lymph nodes were congested and edematous, and there was a prominent germinal center formation extending into the medullary areas. Despite the reactive appearance of the node, there were no inflammatory changes suggestive of pythiosis and hyphae were not seen. Hepatic portal areas were infiltrated by small numbers of plasma cells and lymphocytes. Small numbers of fibrin microthrombi were present in renal glomerular capillary loops, suggesting that disseminated intravascular coagulation may have occurred as a terminal event. All other tissues were normal.
For initial isolation of the pathogen, samples of infected lung (3-5 mm 3 ) were placed directly onto the surface of vegetable extract agar, 14 peptone-yeast-glucose agar, and Sabouraud-dextrose agar. After 48 hours incubation at 37 C, at least 1 cm of mycelial growth was observed surrounding each piece of tissue. Zoosporulation was produced in a representative isolate using the water agar and grass blade meth-od described previously. 13 Zoosporangia, terminal vesicles, and biflagellate motile zoospores morphologically consistent with P. insidiosum were observed after infected grass blades were incubated for 6 hours in dilute salt solution at 37 C. The identity of the pathogen as P. insidiosum was further confirmed using a previously described nested polymerase chain reaction assay. 6 Amplification of DNA extracted from the lung isolate with P. insidiosum-specific primers PI1 and PI2, based on heterogenous areas of the internal transcribed spacer 1 region of the nuclear ribosomal RNA gene, produced an amplicon of the expected size ( Fig. 4) .
Members of the genus Pythium are not true fungi but instead are classified in the Kingdom Stramenopila (Chromista), Class Oomycetes, 2 and as such are more closely related to algae than to true fungi. 8 Important characteristics of oomycetes that differentiate them from true fungi are the absence of chitin in the cell wall, the production of motile flagellated spores, and the use of a phagotropic form of nutrient uptake. 8 In contrast to fungi, oomycetes generally use sterols other than ergosterol as essential cell membrane components, which likely limits the efficacy of traditional antifungal agents, such as amphotericin B and itraconazole, which target ergosterol. In addition, members of the genera Pythium and Lagenidium are sterol auxotrophs, obtaining sterols from their environment rather than producing them.
The infective form of P. insidiosum is believed to be the waterborne motile zoospore, which is chemotactically attracted to damaged plant and animal tissues. After contact, zoospores secrete an adhesive material and subsequently develop a germ tube that penetrates host tissue. 11 Particularly in the horse, infections have been associated with skin wounds and prolonged standing in stagnant water. Gastrointestinal pythiosis is thought to result from ingestion of water containing zoospores; however, reports of infection in animals and humans with no history of contact with aquatic environments pose the question of infection from other forms, such as hyphae or resting spores. 10 In the horse, it has been suggested that mucosal damage caused by injury or enteric parasites might provide a portal of entry for the organism. 17 In dogs, there have been no reports of gastrointestinal pythiosis associated with cutaneous disease, despite the tendency for dogs to lick and chew at the intensely pruritic skin lesions. 20 The case in this young jaguar is unique in several respects. In comparison with dogs and horses, pythiosis has been reported infrequently in domestic felines, 5, 20 possibly because of their more fastidious nature, which may limit exposure. In addition, infection caused by P. insidiosum has not previously been described in a captive zoo animal. A single reference by personal communication to a case in a captive polar bear 10 appears to have been an erroneous reference to a spectacled bear cub with a bony lesion of the paw from which a Pythium species was isolated in 1993 (Grooters, unpublished data) . Although skin and gastrointestinal involvement are typical, pulmonary infection is rare, having only been reported in horses suffering from concurrent or previous cutaneous disease. 1, 4, 9 In one of these equine cases, however, the organism was not isolated and lesions were not described. 9 Infection in the captive jaguar described in this study was limited to the lungs, and no association could be made with a history of skin infection, skin wounds, or con-current thoracic cavity disease that could have extended directly into the pulmonary parenchyma. Therefore, the source of the pulmonary infection in this animal is unknown. The exhibit in which it was housed did contain a recirculating waterfall feature, which may have aerosolized zoospores, allowing them to be inhaled. Attempts to isolate zoospores from the exhibit using a tissue-baited culture technique modified from that described previously 15 were unsuccessful.
Histopathological features of the inflammatory response were consistent with those induced by P. insidiosum in other species, 1, 5, 16 and pulmonary changes were similar to those described previously in the horse. 4 Lesions were predominated by fields of granulomatous inflammation, infiltrated by large numbers of eosinophils, and bordered by a mantle of lymphocytes, neutrophils, macrophages, and multinucleated giant cells. The centers of granulomatous foci were composed of irregular branching cores of degenerate eosinophils and hyaline material surrounding hyphae. In situ, the grossly visible, branching, necrotic cores resembled the coral-like ''leeches'' or ''kunkers'' described in equine skin lesions but were friable and could not be extracted from the lung tissue. Kunkers are reported to occur only in the horse. 10 Angioinvasion, which is considered a major route of dissemination in human patients with P. insidiosum arteritis and a common sequela to infection in other species, 16 was not a feature in this case. The degree of tissue destruction, however, was so severe that the extent of vascular involvement could not be determined with certainty. Inflammatory foci containing hyphae were often located adjacent to vascular structures and the surrounding fibroplasia blended with the periarteriolar adventitia. The mechanism of spread within the lung is unclear but may have occurred by direct extension through airways and alveoli. Despite the gross tracheobronchial lymphadenopathy, hyphae were not present and changes within nodes were limited to reactive hyperplasia. This is similar to findings associated with gastrointestinal pythiosis in dogs, in which mesenteric lymphadenopathy resulting from reactive hyperplasia or lymphatic obstruction is often noted, but the presence of hyphae within lymph nodes is uncommon. 3 This report describes a fatal case of pythiosis in a captive jaguar. Although P. insidiosum is a known pathogen of the skin or gastrointestinal tract in several domestic animal species and humans, pulmonary infections are atypical. Lesions in this jaguar were confined to the lungs and presumably resulted from aspiration of aerosolized zoospores. Although uncommon in cats and rare in zoo animals, pythiosis should be considered a differential diagnosis in cases of pneumonia refractory to antibiotics and antifungal agents, particularly in environments conducive to survival of the organism.
Sources and manufacturers
a. Rockland Immunochemicals, Gilbertsville, PA. b. ECL, Amersham Biosciences, Piscataway, NJ. c. Vectastain Elite ABC kit, Vector Laboratories, Burlingame, CA.
